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Efficient Dynamic Protonation and Constant pH Simulations with Explicit
Solvent: Calculation of Apparent pKa Values in Proteins
Plamen Dobrev, Serena Donnini, Gerrit Groenhof, Helmut Grubmu¨ller.
MPI for Biophysical chemistry, Go¨ttingen, Germany.
The pKa’s of the ionizable amino acids are crucial for the function of many pro-
teins as they are key factors that determine their electrostatic potential and its
spatial distribution, often controlling and optimizing enzymatic catalysis. Fur-
ther, during conformational motions pKa’s and protonation states particularly
of histidines may change. In established force field simulation, however, this
effect is typically not included, and protonation states must therefore be either
guessed or derived from experiment. There have been a number of approaches
to include protonation effects within simulations, mainly based on continuum
electrostatics or implicit solvent molecular dynamics [1–3].
However, these methods lack the effect of the hydrogen bonding and the en-
tropy contribution that comes from the solvent. Here we present the implemen-
tation and application of a dynamic protonation atomistic simulation method
with explicit solvent, which also allows for explicit solvent constant pH MD
simulations, previously developed also in our group [4]. This method is used
here to calculate the pKa’s of the ionzable groups in proteins. In order to val-
idate it, we selected a number of prototypic proteins and calculated titration
curves and pKa values from constant pH simulations at a range of different
pH values.
The results compare favorably with measured values, and explain atomistically
the strong deviations of some of the calculated pKa values from the solution
ones.
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pH Replica-Exchange Method Based on Discrete Protonation States
Satoru G. Itoh1,2, Ana Damjanovic3,4, Bernard R. Brooks4.
1Institute for Molecular Science, Okazaki, Japan, 2The Graduate University
for Advanced Studies, Okazaki, Japan, 3Johns Hopkins University,
Baltimore, MD, USA, 4National Heart, Lung, and Blood Institute,
NIH, Bethesda, MD, USA.
We propose a new algorithm for obtaining proton titration curves of ionizable
residues. The algorithm is a pH replica-exchange method (PHREM), which is
based on the constant pH algorithm of Mongan et al. (J Comput Chem
2004;25:2038-2048). In the original replica-exchange method, simulations
of different replicas are performed at different temperatures, and the temper-
atures are exchanged between the replicas. In our PHREM, simulations of dif-
ferent replicas are performed at different pH values, and the pHs are
exchanged between the replicas. The PHREM was applied to a blocked amino
acid and to two protein systems (snake cardiotoxin and turkey ovomucoid
third domain), in conjunction with a generalized Born implicit solvent. The
performance and accuracy of this algorithm and the original constant pH
method (PHMD) were compared. For a single set of simulations at different
pHs, the use of PHREM yields more accurate Hill coefficients of titratable
residues. By performing multiple sets of constant pH simulations started
with different initial states, the accuracy of predicted pKa values and Hill co-
efficients obtained with PHREM and PHMD methods becomes comparable.
However, the PHREM algorithm exhibits better samplings of the protonation
states of titratable residues and less scatter of the titration points and thus bet-
ter precision of measured pKa values and Hill coefficients. In addition,
PHREM exhibits faster convergence of individual simulations than the origi-
nal constant pH algorithm.
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Aggregated yet Disordered: A Molecular Simulation Study of the Self-
Aggregation of Elastin
Sarah Rauscher, Re´gis Pome`s.
University of Toronto, Toronto, ON, Canada.
Elastin is the protein responsible for the elastic recoil of skin, arteries, and
lungs. Elastin exhibits high resilience and remarkable durability; it also un-
dergoes phase separation and self-organization into a fibrillar structure upon
increasing temperature. These properties make elastin ideal for biomaterials
applications. In order to investigate the molecular basis for elastin self-
aggregation, we performed extensive atomistic molecular dynamics simula-tions of a monomer and an aggregate of eight elastin-like peptides in explicit
water. These simulations required a total time of nearly 0.5 ms, and utilized
simulated tempering distributed replica sampling, a method that relies on a ran-
domwalk in temperature to enhance conformational sampling.We obtain a con-
figurational ensemble of the elastin-like aggregate that resembles a ‘‘polymer
melt’’ in which the chains are completely entangled with each other, but retain
significant hydration and do not form a water-excluding hydrophobic core.
Within the aggregate, the chains act to ‘‘solvate’’ each other: intramolecular in-
teractions present in the monomer in aqueous solution are largely replaced by
intermolecular interactions in the aggregate. As a result, the overall chain di-
mensions are similar to the expected dimensions of chains in an ideal solvent,
a state in which chain entropy is maximized. This is the prediction of the Flory
theorem for generic polymer chains within a polymer melt, but has never, to our
knowledge, been observed before for an aggregate of polypeptide chains in at-
omistic detail. Finally, we note that our results are not consistent with the cur-
rent model of elastin self-aggregation, which involves a conformational
transition of a monomer towards a more ‘‘ordered’’ aggregation-prone state.
Instead, we propose a model in which both the hydrophobic effect and the en-
hanced chain entropy afforded by the interactions with other peptides within the
aggregate favour elastin self-aggregation.
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A Multisite Ion Model that Improves Free Energy Calculations in
Molecular Dynamics Simulations
Akansha Saxena1,2, David Sept1.
1University of Michigan, Ann Arbor, MI, USA, 2Rensselaer Polytechnic
Institute, Troy, NY, USA.
Current ion models in molecular mechanics are simple spheres, and their inter-
actions are solely determined from the radius of the sphere and the total charge.
This set of parameters is chosen to closely reproduce the hydration free energy
for the ion, but this exercise uses all the available degrees of freedom and our
ability to reproduce the binding free energy to a protein or other thermody-
namic quantities is therefore limited. Here we introduce a new model where
we distribute the total charge of the ion into n-dummy centers that are placed
in the direction of the coordinating atoms. We have parameterized this model
for two divalent cations, Ca2þ and Mg2þ, and have tested the model’s accu-
racy in a variety of simulations. With this model we are not only able to cor-
rectly predict the free energy and selectivity for cation binding sites, but we
achieve better coordination geometries and can capture more subtle effects
such as the exchange of inner shell waters. One further advantage of this model
is that it does not use higher-order electrostatics and thus can be easily used
with standard force fields.
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Non-Equilibrium Free Energy Calculations for Ligand Optimization
Vytautas Gapsys, Daniel Seeliger, Bert L. de Groot.
Max Planck Institute for Biophysical Chemistry, Goettingen, Germany.
Computational methods for rational drug design rely on the estimation of the
free energy differences upon a ligand binding to the target biomolecule. Molec-
ular dynamics based alchemical free energy calculations provide a powerful
method allowing accurate estimations of relative binding affinities. The al-
chemical approach requires exploitation of nonphysical pathways over thermo-
dynamic cycles: atoms in the systemmay be created, morphed or annihilated. A
modified form of the soft-cored non-bonded interaction potential is needed for
such alchemical transitions when applying the Crooks Fluctuation Theorem.
We propose a new soft-core potential suitable for fast non-equilibrium transi-
tions. The new construction of the potential function prevents singularities and
additional local minima that may lead to inaccurate estimations of the free en-
ergies. We further employ the scheme of thermodynamic integration in combi-
nation with the non-equilibrium transitions based on the new soft-core potential
to address the problem of lead optimization.Workshop: Optogenetics: Development of Novel
Optical Tools for Controlling Protein Cellular
Behavior
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Biophysical Studies of Natural Photoreceptors: Application to Optogenetic
Tool Optimization
Kevin H. Gardner1, Laura B. Motta-Mena2, Brian D. Zoltowski2.
1Biochemistry, University of Texas Southwestern Medical Center,
Dallas, TX, USA, 2University of Texas Southwestern Medical Center,
Dallas, TX, USA.
Sunday, February 26, 2012 41aMany biological processes are regulated by environmental control of protein
conformation. This is commonly achieved by sensory protein domains that
bind both protein targets and environmentally-sensitive cofactors, using these
compounds to trigger allosteric changes in the sensory domain. These gen-
eral principles are exemplified by photosensory proteins, several of which
have been amenable to biophysical study and subsequent use in applied
settings.
Here I will present our work in this area, where we have used solution NMR
spectroscopy and other biophysical approaches to study the signaling mecha-
nisms of flavin-based photoreceptors that sense blue light. We have principally
focused on Light-Oxygen-Voltage domains, a group of small (~120 aa) mod-
ules from plant and bacterial photosensors. These domains control intra- and
intermolecular protein/protein interactions in response to photochemically-
driven bond formation between protein and flavin groups. This event generates
conformational changes that disrupt inhibitory protein/protein interactions, ac-
tivating downstream effectors.
Combining experimental and computational approaches, we have quantita-
tively described how alterations in protein/cofactor interactions perturb the
structural and functional activation of these proteins. In turn, this has laid the
foundation for us to
manipulate various
photochemical pro-
perties of these
sensors, improving
their utility in opto-
genetic applications.
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Channelrhodopsin: Ideas about Gating and Ion Transport
Peter Hegemann1, Dietrich Gradmann2, Franziska Schneider1.
1Humboldt University, Berlin, Germany, 2Universita¨t Go¨ttingen,
Go¨ttingen, Germany.
Channelrhodopsins (ChRs) are directly light-gated ion channels in halo- and
glycophytic Chlorophyceae where they serve as sensory photoreceptors for be-
havioral responses (phototaxis). ChRs are used for the depolarization of se-
lected cells in neural networks of tissues and living animals to gain
information about the brain function. The operation of ChRs is determined
by two fundamental functions: gating and transport. Within the voltage- pH-,
time- and light-sensitive gating function (photocycle), an early and a late con-
ductance with different transport properties were identified. The voltage- and
substrate-sensitive transport function of the early conductance can quantita-
tively be described by enzyme kinetics, where Hþ > Naþ > Kþ > Ca2þ
> Mg2þ are translocated competitively. Experiments with specific mutants,
and 3D models based on structures of other microbial proteins, allow prelimi-
nary assignments of specific ChR functions to structural details.
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A Light-Based Feedback Control System for Generating User-Defined
Intracelullar Signaling Dynamics
Jared Toettcher, Delquin Gong, Wendell A. Lim, Orion Weiner.
University of California, San Francisco, San Francisco, CA, USA.
As we enter the era of systems biology, in which we are trying to unravel how
complex biological systems function, we are in dire need of methods to apply
quantitative inputs at specific signaling nodes. We recently developed an ap-
proach to spatially and temporally control signaling in mammalian cells with
light. Here, we report a method for applying custom signaling inputs using
feedback control of this optogenetic protein-protein interaction (PhyB and
PIF). With our approach, time-varying inputs, which have been applied extra-
cellularly to dissect sensory signaling cascades, can now be applied to intracel-
lular signals. Titratable control at multiple signaling nodes can be used to
‘‘walk down’’ a pathway to identify sources of ultrasensitivity or points of feed-
back connection. Finally, our technique can be used to disconnect feedback cir-
cuits without changing the architecture of signaling networks by clamping
light-gated inputs against cellular changes in activity. Our approach will enable
a new generation of precision perturbative experiments that could revolutionize
our understanding of biological systems.
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Conditional Control of Protein Activity using Light-Induced Dimerizers
Chandra Tucker.
Department of Pharmacology, University of Colorado Denver,
Aurora, CO, USA.
While chemical tools that allow control of protein activities and interactions
have been in use for a number of decades, a recently emerging field centerson the use of light for protein control, allowing spatial, temporal, and reversible
control of protein activity. Light-responsive protein modules that mediate pro-
tein dimerization in response to light can be linked to target proteins, such that
activity of target proteins can be conditionally modulated by light. One such
light-mediated dimerization module is based on a blue-light dependent interac-
tion of Arabidopsis cryptochrome (CRY2) and CIB1 (Kennedy et al., 2010).
Here, I will discuss the basic properties and uses of the CRY2-CIB1 dimerizer
modules, providing examples of use controlling protein localization and protein
activity with light. I will also discuss the use of pulsed LED light systems, that
help prevent light-dependent toxicity that can result from extended light
exposure.Workshop: Biofuels
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Aqueous Processing of Cellulosic Biomass for Biological Production of
Sustainable Transportation Fuels
Charles Wyman.
Bourns College of Engineering, University of California, Riverside,
Riverside, CA, USA.
Cellulosic biomass including agricultural and forestry residues, substantial
fractions of municipal solid waste, and grasses and woody plants grown for
energy provide the only low cost and abundant resource that could be used
for sustainable production of liquid transportation fuels on a large scale.
The challenge is to develop low cost processing technologies to convert
this inexpensive resource into viable transportation fuels. Biological conver-
sion systems can apply the power of modern biotechnology to dramatically
reduce the costs of converting cellulosic biomass to fuels, and ethanol repre-
sents a particularly desirable product in the near term because of its excellent
fuel properties, widespread use, and compatibility with biological conversion
systems. Ethanol use can also build from commercial experience gained with
ethanol made from starch crops in the United States and cane sugar in Brazil.
The most expensive steps in biological processing are associated with break-
ing down the cellulose and hemicellulose fractions of biomass to release
sugars, with pretreatment particularly critical to achieving low costs and
high yields Our research focuses on improving the understanding of aqueous
pretreatment and its interactions with enzymatic hydrolysis with the goal of
reducing costs. This presentation will summarize comparative data on pre-
treatment technologies, developing and applying a high throughput miniatur-
ized approach to pretreatment and hydrolysis, and continuous fermentations to
reduce enzyme use. Once successfully introduced into the marketplace, fuels
from cellulosic biomass can have powerful and unique strategic, environmen-
tal, and economic benefits.
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Replacing Fossil Oil with Plant Oils - for What?
Sten Stymne.
Dept. of Plant Breeding and Biotechnology, Swedish University of
Agricultural Sciences, Alnarp, Sweden.
The value of the products and chemicals made from the 10% of fossil oil that is
used as feed stock in the chemical industry is the same as the value of all fuel
made from the remaining 90%. Using plant oil instead of fossil oil as feed stock
for the materials and chemicals could capture much of this added value, if the
plant molecules are optimized in-planta for the end use and thereby minimizing
the downstream processing costs. I have a vision that within 20 years time re-
place 40% of the fossil oil used in the chemical industry with renewable plant
oils, whilst ensuring that growing demand for food oils is also met. This will
require a trebling of global plant oil production from current levels of 135
MT to about 400 MT annually. Realisation of this potential will rely on appli-
cation of plant biotechnology to (a) tailor plant oils to have high purity (pref-
erably > 90%) of single desirable fatty acids, (b) introduce unusual fatty
acids that have speciality end-use functionalities, (c) increase plant oil produc-
tion capacity by increased oil content in current oil crops, and conversion of
other high biomass crops into oil accumulating crops. Using plant oils in the
chemical industry will not only enable replacement of fossil oil but will, at least
equally importantly, enable substantial overall energy savings and generate
added-value for agricultural products that cannot be captured by using them
